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11-108 HEAT-TRANSFER EQUIPMENT 

reaction in the evaporator or having a solubility that decreases with an 
incre;tffi in temperature. Scaling cun be reduced or eliminated in the; 
same general manner US waiting. Both salting and seuliug liquids are 
usually best handled in evaporators tlmt do not depend on boiling to 
induce circulation. Fouling is the formation of deposits other than 
salt or scale and muy be due to corrosion, solid matter entering with 
the feed, or deposits formed hy the condensing vupor. 

Product Quality Considerations of product quality mav require 
low holdup time Olid low-temperature operation to avoid thermal 
degradation. The low holdup time eliminates some types of evapora- 
tors and some types are also eliminated because of poor heat-transfer 
eliarncteristios at low temperature. Product quality may also dictate 
special materials of construction to avoid metallic contamination or a 
catalytic effect on decomposition of the product. Corrosion may also 
influence evaporator selection, since the advantages of evaporator* 
having high hcat-tmusfer coefficients arc more apparent when expen- 
sive materials of construction arc indicated- Con-osion and erosion 
are frequently more severe in evaporators than in other types of 
equipment because of the high liquid and vanor velocities used, the 
frequeut presence of solids iu suspension, and the necessary concen- 
tration deferences. 

EVAPORATOR TYPES AND APPLICATIONS 

Evaporator* way be classified us follows; 

1. Hearing medium separated from evaporating liquid by mhular 
heating surfaces. 

2. Hearing medium confined by coils, jackets, double walls> flat 
plates, etc. 

3. Heal ing medium brought into direct contact with evaporating 
Kqirid. 

4. Heat ing hy solar radiation. 

fty far the largest number of industrial evaporators employ tubular 
hw\ting surfaces. Circulation of liquid past the heating surface may be 
induced by boiling or by mecluuiical means. Tn the latter cose, boiling 
may or may not occur at the healing surface. 

Forced- Circulation Evaporators (Fig. 1 1-122 u,fc,c) Although 
it may not he the most ceonortdcal for many uses, the forced-circnlatitin 
(FC) evaporator is suitable for the widest variety of ewporator applica- 
tions. The use of ix pump to ensure circulation past the n«ating surface 
makes possible separating the functions of Ileal transfer; vupor-Iiquid 
separation, und aystallization. Tho pump withdraws liquor from the 
flush chamber and forces it through the hcatine clement tele to the 
flash chamber. Circulation is maintained rcj^utlless of the evaporation 
rate; so this ty|>e of evaporator is well sailed to crystallizing opera- 
tion, in which solids must be maintained in suspension at all rimes. The 
liouid velocity past the heating surface is limited only by the pumping 
power xa-seded or available and by accelerated corrosion und erosion at 
the higher velocities. Tube velocities normally range from a minimum 
of about 1.2 m/s (4 fVs) in salt evaporators with eopDer or brass tubes 
and liquid containing 5 percent or more solids up to about 3 m/s ( 10 ft/sj 
in caustic evaporators having nickel tubes aud liquid containing oidy a 
small amount of solids. Even higher velocities can be used when corro- 
sion »S not accelerated by erosion. 

Highest heat-transfer coefficients ure obtained in FC evaporators 
when the liquid is allowed to boil in the tubes, as in t!»e type shown in 
fig. ll-122a. The heating element projects inrn the vapor head, and 
the liquid level is maintained near and usually slightly Mow the top 
tube sheet. This type of FC evaporator is not well suited to sailing 
solutions because boiling in the tubos increases die dances of salt 
deposit on the walls and the sudden flashing at the tube exits pro- 
motes excessive nucleatjon and production of fine crystals. Conse- 
quently, this type of evaporator is seldom used except when ihere are 
headroom limitations or when the liquid forms neither salt nor scale. 

By far the largest number of forced-circulation evaporators liK of 
the suhmergod-tube type, a? shown in Fig. 11 -122ft. The heating ele- 
ment is placed far enough below the liquid level or return line lo the 
flash chamber to prevent boding iu the tubes. Preferably, the hydro- 
static head should be sufficient to prevent boiling even in a tube that 
\<t plugged (and hence at steam temperature), since this prevents salt- 
ing ofSie entire rube. Evaporators of this type sometimes have hori- 




FIO. 11-132 Evjporulor lypc«. («) Forty?*! cirniiation. (b) Submergfid-tube 
farced circulation. \c) Oshvtyp* crystalUacr. (d) Short-tub* vertical, (e) Pro- 
pcllcrcfll:widria. (/) Long-tube vertical. («) Rt*iiculatlnglong-riih« vertical, (h) 
Falling film, (ij) ilwwnt^tabe evaporators. C » «»nde«sate; F * focdt C = 
vent; )' = pwjilucii S = steam; V = vapor; ENTTs separated cntnvnninit outlal. 



w mlal heating elements (usually two-pass), but die vertical smglc-pass 
heating clement is used wiiencver sufficient headroom is available. 
The vertical element usually has a lower friction loss and is easier to 
clean or rctube than a horizontal beater. The submerged-tube forced- 
circulation evaporator is relatively immune to salting in the tubes, 
since no super*aturation is generated by evapoiution in the tubes. The 
tendency toward seults formation is also reduced, since supcrsntum- 
tion iu the hearing element is Generated only by u controlled amount 
of lieating mid not by both healing and elaboration. 

The type of vapor head used with the FC evaporator is chosen to 
suit the product characleri Sties and may ranee from a simple Centrifu- 
gal separator to the crystallizing chambers shown in Fig 11-122& and 
c. Figure 11-122/j shows a type frequently used for common salt. It is 
designed to circulate a slurry of crystals throughout the system. Figure 
11-1220 shows a submerged-tube FC evaporator in which heating, 
flashing, and crystttlUzation are completely separated. The crystalliz- 
ing solids are maintained as a fiuidized bed in the chamber below the 
vupor head and little ur no solids circulate through the heater and 
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flash chamber. This type is well adapted to mowing coarse crystals, but 
the crystal!? usually uppruaeli a spherical shape, tuid curefw design is 
roquirod to uvoid production of tines in the flush chamber. 

It) a tttbmerged^tube FC evaporator, all heat is imparted as sensible 
heat, resulting* in a temperature rise of tho eirculatiu" liquor that 
reduces the overall temperature difference available for near transfer. 
Temperature rise, tnhe proportions, tube velocity; and head require- 
ments on the circulating pump u21 influence the selection of circula- 
tion rare. Head requirements are frequently difficult to estimate since 
they consist not only of the usual friction, entrance and contraction, 
ana elevation losses wh«n the return to the flash chamber is above the 
liquid level but also of increased friction tosses due to fkshing in the 
return Una and vortex losses in the flash chamber. Circulation is some- 
times limited by vupOr in the pump suction line This may be drawn in 
as a result of inadequate vapor-liquid separation or may eorne from 
vortices near tlie pump suction connection to the hody or may be 
formed in the line ilseliby short circuiting from heater outlet to pump 
inlet of liquor that has not flashed completely to equilibrium at the 
pressure in the vapor head- 



AiKraufcigtiA of foived-circularinii «va|>arators: 

1. High bwit-tnuctfer coefficients 

2. PusHiue circulation 

3. RHutive freedom from salting f suul fouling 

Di^uJvarUages of forccd-clrcnlirkm evaporators; 

fi. Power reqiiiml for circulating pump 
3. RafcUveiyhish holdup or residence lime 

Best appliwitiiiiuttjnbiced-cirevilntitm Kwiporalar*: 
I. Crystalline procliic * 
tL Corrosive solutions 

3, V^uxuxs xoiuliOOS 

Frttijuent difficulties with farwid'tirculation evaporators: 
1. l'lug;mg of tube inlets by salt oV-posit* detached from widk of equipment 
fi. Poor circulation due to liigjier than cxpt**!*! Iicud losses 

3. Salting due to boiling In tube* 

4. Corrosion -en 



Short-Tube Vertical Evaporators (Fig. ll-122<i) This is one 
of the earliest types still in widespread coinmereial US*. Its principal 
use at present is in the evaporation of cane-sugar juice. Circulation 
past the heating surface is induced by boiling in the tubes, which are 
usually 50.8 to 76.2ihiii (2 to 3 in)in diameter by 1.2 to 1.8 m (4 to 6 
ft) long. Hie body Is ft vcrricai cylinder, usually of cast iron, and the 
tubes urc expanded into horizon I a] tube sheets thai span the body 
diameter. The circulation rate through the tubes is many times the 
feed rate; so there must he a return passage from above die top tube 
sheet to below the bottom tube sheet. Most commonly used is a cen- 
tra! well or downtake as shown in Fig. 11-122*1 So that friction losses 
through the downtake do not Appreciably impede circulation up 
through the tubes, the area of the downtake should be of the same 
order of magnitude a* the combined cross-sectional area of the tubes. 
This results in a downtake almost half of* the diameter of the tube 
sheet. 

Circulation and lieat transfer in this type of evaporator are strongly 
Affected by the liquid "level." Highest heai'transter coefficients are 
achieved when the level, as indicated by an external gauge glass, is 
only about halfway up the lubes. Shght reductions in level below l he 
optimum result in incomplete wetting of the tube walls with a conse- 
quent increased tendency to foul and a rapid reduction In capacity. 
When this type of cvnporaror is used with 0 tinuid that can deposit salt 
or scale it is Cuslomary to oeerUte with the liquid level appreciably 
higher thuu the optimum ami usually appreciably above the top tul>e 
sheet. 

Circulation in the jrandard short-tube vortical evaporator is depen- 
dent entirely on boiling, und when boiling atops, any solids present 
settle out of suspension. Consequently, tlii* tvpe is seldom used as a 
crystallizing evaporator, fty installing a propeller in the downtake. tins 
objection can be overcome. Such an evaporator, usually called a pro- 



EVAPORATORS 11 \09 

peller calandrin, is illustrated in Kig. 1 1-122& The propeller is usu- 
ally placed as low as possible to reduce cuvituttou und is shrouded by 
an extension of the downtake well The use of the propeller can some- 
timos double the cupaciiy of a short-tube vertical evaporator. The 
evaporator shown in Tig. 11-122*: includes an elutriation log for salt 
manufacture similar to tluit used on the KC" evajxwator of Fig. 11- 
122*. Thts shape of the bottom will, of course, deoend on the particu- 
lar application and on whether the propeller is driven from above or 
below. To avoid salting when the evaporator is used for crystallizing 
solutions, the liquid level must be kept appreciably above the top tube 
sheet- 



Advantages of short-tufa vratfciii evaporators: 

1. High heal-transfcr coeffintents at liigli temperature diflcrcnr** 

2. J,ow lieadniOin 

3, Emy mmihiuiicai descaling 

4, Relatively inexpensive 

Disadvantages of shoit-tubc vertical «vup*>r.UOrS; 

L Poor flax transfer at low temperature? utflfcreiicw and low temperature 

2. High floor rpacc awl weight 

3, RcSrtivKly high holdup 

A. Poor heat trwwfcr with viseou* liquids 

Baa applications of .diort-lube vertical cvaporurors} 

1. Clear liquids 

2. Oryxtalli«« product if propeller hs uxtxl v 

3. Relatively nc»ici*rrosiva liquids, since body ix large and expensive if built 
oi' maiet iAls other th«n TniUi afccel or cast iron 

4. M ikJ st-aling sohuion* rep "ring mechanical cleaning sin<» tube* are 
short <itk1 bur^e in diameter ^ 



Long.Tubc Vcrticul Evaporators (Tig. 11-122/, g, h) More 
total evaporation is accomplished in this type than in all odiers com- 
bined because it is normaliy tlie cheapest per unit of capacity. The 
lone-tube vertical (LTV) evaporator consists of a Simple one-pass ver- 
tical sbell-and-hibe beat excJianeer discharging into a relatively small 
vapor head, Normally, no liquid Level is mniwained tn the vupor head, 
and the residence time of liquor is only a Jew seconds. Tlie tubes are 
usually about- mm {2 in) in diameter but may be smaller than 
25.4 mm (1 in). Tube leugdi may vary from less tlian 0 to 10.7 m (20 
to 35 ft) in the rising film version and to as great as 20 m (65 ft) in tlie 
falling film version. The evaporator is usually operated single-pass, 
concentrating from the feed to discbarge density in juSl the time that 
it takes the liquid and evolved vapor to pass through a tube. An 
extreme ease \a the caustic high concentrator, producing a substan- 
tially anhydrous product v* Z7Q°C (700°F) from an inlet feed of 50 
percenr NaOH at 149°( : (300°F) tu oue pass up 22-mm- (8/8-iu-) out- 
side -diameter nickel tubes 6 m <20 ft) long. The largest use of LTV 
evaporators is for concentrating black liquor in the pulp and paper 
industry. Because of tlie long tubes and relatively high heat-transfer 
coefficients, it is possible to achieve higher singlo-umt capacities in 
this type of evuporator than in any otber- 

Tlic LTV evaporator shown in Fig. 1 l-122/ is typical of those com- 
mon ty lued, especiully for black liquor. Feed enters at the bottom of 
the tube and starts to boil purtway up the tube, and the mixture of 
liquid and vapor leaving at the top at high velocity impnges against a 
deflector placed above the tube sheet. Tin's defbetor is eitective both 
as a primary separator and as a foam breaker. 

In many eases, as when the ratio of feed to evaporation or the ratio 
of feed to heating surface is low; it is desirable to provide for recircu- 
lation of product through the evaporator. This etui be done in the 
type shown in Fig. 11-122/ by adding a pipe connection between 
the product line and the feed fine. lUgLer recirculation rates can bo 
achieved in the type shown iu Fig, X 1 - 122g, which is used widely for 
condensed imlk. By extending the enlarged portion of the vapor head 
still lower to provide storage space for liquor, this type can be used as 
a batch evaporator. 

Liquid temperatures in the tubes of an LTV evaporator are fur from 
uuiform and are difficult to predict. At the lower end, the liquid is 
usually not boiling, and the liquor picks up heat as sensible heat Since 
entering liquid velocities are usually very low, true heat-trausfer coef- 
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FIG* 1 1 -1 TKiii|jc/utaro variations in a long-rul** v* rtit*I avapowlor. 



ticieuts are low in this nonboilinjr zone. At some point up the tube, the 
liquid starts to boil, and from that point on the liquid temperature 
decreases because of lh« reduction in static, friction, and acceleration 
heuds unt il the vapor-liquid mixture reaches the top of the tube* ;it 
substantially varor-heud temperature. Thus tbc true temperature dif- 
ference in die boiling zone is always less than the lota] temperature 
difference us measured from steam and vupor-liend temperatures. 

Although the true heat-transfer coefficients in the* boiling zone are 
quite liigb, they ATft partially offset by the reduced temperature dif- 
ference. The point in the tubes lit which boiling starts and at which the 
maximum temperature is reached is sensitive to operating conditions, 
such as feed properties, feed temperature, feed rate, and heut flux. 
Figure 11-323 shows typicul variations in liquid temperature in tubes 
of an LTV evaporator operating at a constant terminal temperature 
difference. Curve I shows the normal ease in which the feed is not 
boiling at the tube inlet. Curve 2 gives un indication of the tempera- 
ture oifleronoe lost when the feed enters at the boiling point. Curve 3 
is for exactly the sume conditions as curve 2 except that the feed con- 
tained 0.01 percent Tccpol to reduce surface tension (Coulson and 
Mehta, Vhwu. Inst. C/wrm, Eng., 31, 208 (1953)], The surfacfl-attivo 
agent yields u more intimate mixture of vapor and liquid, with the 
result that liouid is accelerated to a velocity more nearly ajrproachlng 
the vapor velocity, tliereby increasing the pressure drop in the tube. 
Although the surface -active agent caused un increase of more than 
1 00 percent in the true near-transfer coefficient, this was more than 
offset by tlie redltced temperature difference so that the net result 
was a reduction in evaporator capacity. This sensitivity of the I.I V 
evaporator to changes in operating conditions is les* pronounced at 
high than at low temperature dif ferences uad temperature levels. 

The fulling-fibn version of the LTV evaporator (Fig. 11-122A) 
eliminates those problems of hydrostatic head. Liquid is fed to the 
tops of die tubes and flows down the walls as a film. Vapor-liquid sep- 
aration usually takfl.s place at the bottom, although Seine evaporators 
of this type arc arruuged for vapor to rise throu«di the tube counter- 
currently to the liuuicf The pressure drop through the tubes is usually 
very small, and tue boilillgdiquid temperature is substantially the 
same as the vapor-head temperature. The falling-film evaporator is 
widely used for concentrating heat -sen si live materials, such as fruit 
juices, because the holdup time is very small, the liquid is not over- 
heated during passage through the evaporator, and heat-transfer coef* 
hcieuts are hfgn even at low boiling temperatures. 

The principal problem with the ialliag-fJiil LTV evaporator is that 
of feed distribution to the tube*. It is essential that all tube surfaces 
he wetted continually. This usually require! reci rculation of the liquid 
unless the ratio of feed to evaporation is quite lujjjh- An alternative to 
the simple recirculation system of Fig. )1 -1.22b is sometimes used 
when the feed undergoes an appreciable eoucenlration change and 
the product is viscous and/or has u high boiling point rise. The feed 
cruimber and v;\por head are divided into a number of liquor com- 
partments, and separate pumps are used to pass the liquor through 
the various banks of tubes in series, all hi parallel as to steum and 
vapor pressures. The actual distribution of feed to the individual tubes 
of u fulu'iig-film evaporator may he accomplished by orifices at the 
inlet ro each tube, by a perforated plate above the tube sheet, or by 
one or more spray nozzles. 

Beth rising and fahW-fdin LTV evaporators are generally un- 
filed to salting or Severely scaling liquids. However, both tire widely 



used for black liquor, which presents a mild scaling problem, and ulsv 
are used to carry solutions beyond saturation with respect 10 a ciystah 
li/ing salt. In the latter case, deposits can usually be removed quickly 
by increasing the feed rate ot reducing the steam rate in order to make 
tfle product unsaturated lor a short time. The failing-film evaporator 
is not generally suited to liquids containing solids because of difficulty 
in plugging the feed distributors. However, it has been applied to the 
evaporation of sahnc waters saturated With Ca$0 4 and containing 5 to 
10 percent CaS0 4 seeds in suspension for scale prevention {Anderson, 
ASME Pap. 76-WA/P^.5, 1970). 

Because of their simplicity of construction, compact uCSS, and gen- 
erally Idgh heat-trAnsfer coefficients, LTV evaporators are well suited 
to service with corrosive liquids. An example is the roconccntratiou of 
rayon spin-buth liquor, which is highly add. These evaporators employ 
impervious graphite tubes, lead, rubber-covered or impcivious 
graphite tube slieets, and nihher-lincd vapor heads. Polished stain- 
less-steel I TV evaporators arc widely used for food products. The lat- 
ter evaporators are usuidly similar to that shown in Fig. 11-12%,, in 
which the heating element is at one side of the vapor head to permit 
easy access to the tubes for eleauing. 



Advantages of long-tube vtirticid t?vapaftilors: 

1. Ltwiscd 

2. Uu^chcartt>gsurf;iuehjo<«»body 

3. Low holdup 

4. Small floor spate 

5. Good hwtf-fnuirfer tt>enici£nts at reasonable temperature duTercaccs 
{rising film) 

6. Good hcat-tninsfvr ctiKfRoertts al ail tcmpcmci'rr rjiffen-iicoi (falling 

nim) 

Disadvantage* of long-lube vertical evapomttitt: 

1. High heutlroom 

2. Generally muniitablfi for salting and jc*vttr*ly scaling liquids 

3. Poor heat-transfer « wflfCiAnts of rising-Sim version at low temperature 
dirTcntnctti 

4. Recirculation usually required for falling-film version 

Btul applications of lonfi-tt it * vertical evaporators : 

1. Cnwliqiiiih 

2. Forming liquids 

3. Corrosive solutions 

4. Large cvaporwHon loads 

H. High temperature difTer*Tu*is*--ii4ing film, low tcniprrutore difler- 

CT«!*« — falling lUrtt 

6. Low-te»«p*initurt» operation — falling film 

7. Vrtpor COrnprwwiiori wjKjrulioa — falling n"Jm 

I'mqiusnt difficulties with lonfi-tnhc? vertical evaporators; 

I. Sonsitivity erf rising-film units to chnnip* in up* rafcng conditions 

2 Poor feed cUstributKin to faDiag-iiltn units 

Horizontnl-IXibe Evaporator* (Fte> U-lZZi) In these types 
the steam is inside and the liquor outside the tubes. The submerged- 
tube version of Fig. ll-122i is seldom used except tor the preparation 
of boiler fecdwutef. entrainmcnt Joss is t he primary airni the hor- 
izontal cylindrical shell yields a huge disengagement urea per unit of 
vessel volume. Special versions use deformed tube* between re- 
strained tube sheets that eraek off much of a scale deposit when 
sprayed with cold water Hy showering liquor over the tubes in the 
version of Fig. Il-l22jf hydrostatic head losses are eliminated and 
heat-transfer performance is improved to that of the falling-film Uibu- 
lur lype of Pig. ll-122h Originally called the Lillie, this evaporator is 
now also called the spray-film or simply the horizontal-tube evapora- 
tor. Liquid distribution over the tubes is accomplished by sprays or 
perforated plates ubove the topmost tubes. Maintaining this distribu- 
tion through the bundle to avoid overconcent rating the liquor is a 
problem unique to this type of evaporator. It is now nsed primarily for 
seawaler evaporation. 



Advantages of bcmonral-tubw ifVupomtorS; 
J f Vcjrylowhdildroom 

2, LarKC v»f K»r- liquid dlscn^ff area. -iubmcrficd-t»h« type 
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3. Relatively low «uf in MttaU-capaciry stnii{{iir-f iilxt type 
1. Good heat-trwvf^r cstxjflidtfiiijt 

fS. Easy semiautomatic descaling -bimt-ttlb* type 

Disadvantage* of hwri/onlal-tubo evaporator*: 

1 . Unsuitable for Milting lirjuidx 

2. Hi wiitulile for scaling liquids — ff^ might- tube type 

3. High w>st— bent-rube kyi*i 

4. Maintaining liquid distribution— fil™ type 

Best applications of horizontal- tirtv rvaporjiors: 

1. Lunltcd headroom 

2. Srruli capacity 

3. Nonxcuiing nonsalllng liquids — rtniiglit-labe type 

4. Severely stsUing ^uidi— bent-tube typ* 

Miscellaneous Forms of Hurtling Surface Special evaporator 
designs arc sometimes indicated when heat lands arc small special 
product characteristics arc desired, or the product is especially diffi- 
cult to handle. Jacketed kettles, frequently with Agitators, are used 
when the product is very viscous, batches are small, intimate mixing is 
required, and/or ease of clcaniug is n» important factor. Evaporators 
with steam in coiled tubes may be used for small capacities with scal- 
ing liquids in designs thut permit "cold shocldug," or complete with- 
drawal of the coil from the shell for manual scale removal. Other 
designs for scaling liquids employ flat-plate heat exchangers, since in 
general a scule deposit can be removed more easily from a flat plate 
than from a curved surface. One such design, the channel-switching 
evaporator, alternates tlie duly of either side of the heating surface 
periodically from boiling liquid to condensing vapor so thai scale 
formed when the surface is in contact with boiling liquid is dissolved 
when the surface is next hi contact witli condensing vapor. 

Agitated thin-film evaporators employ a heating surface consist- 
ing of One large-diameter tube that may be cither straight or tapered, 
horizontal or vertical. Liquid is spread on the tube wall by u rotating 
assembly of blades that either maintain a close clearance from the waD 
or actually ride or> the film of liquid on the walL The expensive eon- 
struetiou limits application to the most riitticult materials. High agita- 
tion [on the order of 12 m/s <4U fr/j) rotor-tip speed) and power 
Intensities of 2 to 20 kW m 4 (0.26 to 2.5 hp/ft*) permit handling 
extremely viscous material*. Residence times of only a few seconds 
permit concentration of heut-seiisitive materials at temperatures and 
temperature differences higher than in other types iMutzcnbere;, 
Parker, and Fischer. Chem. Itog.. 72, 176-180 (Sept. 13, 1965)1. High 
fecd-to-produc* ratios can be handled without recirculation. 

Economic and process considerations usually dictate that agitated 
thin-film evaporators he operated in single-effect mode. Very high 
temperature differences can (hen he used: many are heated with 
Dowrherm or other high-temperature media. This permits achieving 
reasonable capacities in spite of the relatively low heat-transfer coeffi- 
cients and the small surface tliat can he provided in a single tube [lo 
about 20 m 4 (200 ft 2 )). The structural need for wall thicknesses of 6 lo 
13 mm (Vt, to V* in) is a major reason for the relatively low heat- 
tron* fer coefficients when evaporating waterJike materials. 

Evaporators without Heating Surfaces The submcrged- 
eorabosLion evaporator inaVes use of combustion gases bubbling 
through the liquid as the means of heat transfer. It consists simply of a 
tank to hold the liouid. a burner and gas distributor that can be low- 
ered into the liquid, and a combustion-control system, Since there arc 
no heating surfaces on whieh scale can deposit, this evaporator is well 
suited to use with severely scaling liquids- The case of oonstiuctmg 
the tuak and hurner of special alloys or noiiinetallic materials makes 
practical the handling of highly corrosive solutions. However, since 
the vapor is mixed with large quantities of noncondensable gases, it is 
impossible to reuse the heat in this vapor, and installations are usually 
limited to area* of low fuel cost. One difficulty frequently encoun- 
tered in the use of submerged-combustion evaporators is a high 
cntrainment loss. Also, these evaporators cannot be used when con- 
trol of crystal size Is importunt. 

Disk Of cascade evaporators arc used in the pulp and paper 
industry to recover heat and entrained chemicals from boiler stack 
gases and to effect a finul concentration of the black liquor before it is 



burned in tlie boiler. These evaporators consist of a horizontal shaft on 
which are mounted disks perpendicular to the shaft or bars parallel to 
the shaft. The assembly in partially immersed in the thick black liquor 
so thut films or liquor arc curried into the hot-gas stream us thft Shaft 
rotates. 

Some forms of flash evaporators require no heating surface. Au 
example is a recrystallizing process for separating salts having normal 
solubility curves from salts having inverse solubility curves, as in sepa- 
rating sodium chloride from calcium sulfate [Richards, Chein. #ng, 
59(3). 140 (1952)]. A Suspension of raw solid feed in A recirculating 
brine stream is heated by direct steam injection;. 'Hie increased tem- 
perature und dilution by the steam dissolve the salt having the normal 
solubility curve. The other salt remains undissolved and Is separated 
from die hot solution before it is flashed to a lower temperature. The 
cooling and loss of water on flashing cause rccrystallizutioi i of the salt 
having the normal solubility curve, which is separated from the brine 
before the brine is mixed with more solid feed for recycling to the 
heater. This system cart he operated as a multiple effect by flashing 
down to the lower temperature in stages and using flash vapor from afl 
but the last stage to heat the recycle brine by direcl injection. In this 
piocess no net evaporation occurs from the total system, and the 
process cannot be used to concentrate solutions unless heating sur- 
faces are added. 

UTILIZATION OF TEMPERATURE DIFFERENCE 

Temperature difference is the driving force for evaporator operation 
and usually is limited, as by compression ratio iu vapor-compression 
evaporators and by available steam-pressure and heat-^dnk tempera- 
ture in single- ana multiple-effect evaporators. A fundamental objec- 
tive of evaporator design is to make as much of ihl* total temperature 
difference avitiluble for heat transfer as is economically justifiable. 
Some losses in temperature difference, such as those due to boding 
point rise (BPR). are unavoidable. However, even these can be mini- 
mized, as by passing the liquor through effects or through different 
s«etions of D Single effect in series SO that only a portion Olfhe heating 
surface is in contact with the stitmgest liquor. 

Figure 11-124 shows approximate BPR losses far a. number of 
process liquids. A correlation for concentrated solutions of many inor- 
ganic salts at the atmospheric pressure boiling point [Menwda and 
Furter./. Ch and F.. Data 22, 315-7 (l«77)J is 

BPRar 104.9NJ' 11 (110.23) 

wlicre rVi as the mole fraction of salts in solution. Correction to other 
pressures, when heats of solution are smull, can he based on a constant 
ratio of vapor pressure of the solution to that of water at the same tem- 
perature. 

The principal reducible loss in AT is that due to friction and to 
entrance and exit losses in vapor pip^g entrain ment separators. 
Pressure-drop losses here correspond to a reduction in condensing 
temperature of trie vapor and hence a loss in available \T. These 
losses become most critical at the low-temperature end of the evapo- 
rator, both because of the increasing specific volume of the vapor and 
because of the reduced slope of the vapor-pressure curve. Sizing of 
vapor lines is part of the economic optimization of the evaporator, 
extra costs of larger vapor line* being balanced ugoiast savings in AT, 
wliieh correspond to savings in heating-surface requirements.' It 
should be noted that entrance and exit losses in vapor linos usually 
exceed by severalfold the straight-pipe friction losses, so they cannot 
he ignored. 

VAPOR-LIQUID SEPARATION 

Product losses in evaporator vapor muy result from foaming, splash- 
ing, or entrainmeut. Primary separation of liquid from vapor is accom- 
plished in the vapor head by making the horizontal plan area large 
enough so that most of the entrained droplets can settle out against 
the rising flow of vupor. Allowa ble velocitie s are governed by the 
Soudera-Drown equation: V = fcV(pj - p P )/p„ in which k depends on 
the size distribution of droplets and the decontaminatiuu factor P' 
desired. For most evaporators and for h' between 100 and 10,000. k m 
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